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Four of the eight hypotheses proposed in the literature for explaining the relationship
between abundance and range size (the sampling artifact, phylogenetic non-indepen-
dence, range position and resource breadth hypotheses) were tested by using atlas
data for carabid beetles (Coleoptera, Carabidae) from Belgium, Denmark and the
Netherlands. A positive relationship between abundance and partial range size was
found in all three countries, and the variation in abundance was lower for widespread
species. Analysis of the data did not support three of the proposed hypotheses, but
did support the resource breadth hypothesis (species having broader environmental
tolerances and being able to use a wider range or resources will have higher local
densities and be more widely distributed than more specialised species). Examination
of species’ characteristics revealed that widespread species are generally large bodied,
generalists (species with wide niche breadths occurring in a variety of habitat types)
and are little influenced by human-altered landscapes, while species with restricted
distributions are smaller bodied, specialists (species with small niche breadths occur-
ring in only one or two habitat types), and favour natural habitat. Landscape
alteration may be an important factor influencing carabid abundance and range size
in these three countries with a long history of human-induced environmental changes.
D. J. Kotze ( johan.kotze@helsinki.fi), J. Niemela¨ and R. B. O’Hara, Dept of Ecology
and Systematics, P. O. Box 65, FIN-00014, Uni. of Helsinki, Finland. – H. Turin,
Dept of Plant Population Biology, Netherlands Inst. of Ecology (NIOO-KNAW), P. O.
Box 40, NL-6666 ZG, The Netherlands.
The average abundance and range size of species are
intimately linked. Almost without exception, locally
abundant species are widespread, while locally rare
species tend to be narrowly distributed (Brown 1984,
Lawton 1993, 1994, Gaston 1994, 1996). A flurry of
interest resulted in eight mechanisms being suggested to
explain this relationship (Griffiths 1998, Johnson 1998,
Gaston et al. 1998), none of which has unequivocal
support (Gaston and Lawton 1990, Gaston et al. 1997a,
b). These proposed mechanisms can be divided into two
categories, artifactual and biological. Although the
sampling artifact model has been used to explain some
cases (Brown 1984, Hanski et al. 1993), Gaston et al.
(1997b) have argued that in other data sets the positive
abundance-range size relationship is a real pattern.
Data quality is an important consideration when
investigating abundance-range size relationships (Gas-
ton and Blackburn 1996, Blackburn and Gaston 1998).
Typically, information on geographic ranges of species
is unavailable, and distribution maps are often inaccu-
rate (Gaston 1990, Ho¨gmander and Møller 1995), party
because the nature of many distribution maps is dic-
tated by collectors’ home ranges, species hot spots and
political boundaries. Thus, it is unclear to what extent
inferences can be made at different spatial scales (Gas-
ton 1990, Dennis and Thomas 2000). Furthermore,
both abundance and range size are dynamic, whereas
many atlas studies are built on the accumulation of
observations over long periods of time, thereby obscur-
ing any dynamics (Hanski et al. 1993). It is difficult to
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envisage means of solving the data quality problem,
although there has been some progress in this area
(Ho¨gmander and Møller 1995). Nevertheless, Gaston
(1990) argued that species range patterns are generally
robust and appear to be unaffected by either scale or
collecting method (see Gregory and Blackburn 1998).
In this paper we test four of the eight mechanisms
proposed for explaining the abundance-range size rela-
tionship: the sampling artifact, phylogenetic-non inde-
pendence, range position and resource breadth
hypotheses. We used comprehensive atlas data for
ground beetles (Coleoptera, Carabidae) from Belgium,
Denmark and the Netherlands.
The data, hypotheses and statistical analyses
Carabid atlases available for Belgium (Desender 1986a,
b, c, d), Denmark (Bangsholt 1983) and the Nether-
lands (Turin 2000) provide information on the number
of grid cells within the country occupied by a species,
i.e. the area of occupancy (Gaston 1991), the number
of records per species, species characteristics, and the
position of species in relation to their European distri-
bution (central or marginal). Belgian and Dutch grid
cells were 10×10 km, while Danish grid cells were
9×8 km. With an appropriately sized grid system
most species will occupy more than one grid cell
(Simpson 1964), and this condition was satisfied here.
Here, range size is measured as the area of occupation
in part of the European distribution of the species,
rather than as the total area within which a species
may occur.
The abundance of a species in a country was deter-
mined by counting the number of records of that
species recorded in the atlas. Specimens of the same
species, captured on a given day at the same site were
counted as a single record, while specimens of the same
species captured at different sites in the same grid cell,
at the same site on different days, or in different grid
cells, were counted as separate records (Turin 2000).
Carabid beetles are mainly collected by pitfall trapping,
with this being supplemented by hand collecting (Lo¨vei
and Sunderland 1996, Turin 2000). Both methods may
bias the data, for example pitfall traps will over-sample
the more ground-active species. These biases will only
be problematical for the analysis if they are correlated
with the explanatory variables investigated. One clear
example of this is the tolerance of species towards
human environments (see below), because collectors
are more likely to collect insects in their own home
range.
The average abundance for each species was calcu-
lated by dividing the number of records by the number
of grid cells in which the species was present. This
approach avoids artifactual positive relationships be-
tween abundance and range size resulting from the
progressively greater contribution of zero abundance
values to the mean abundances of species occurring at
fewer and fewer sites (Gaston 1996). With such data it
is possible to determine and compare the abundance-
range size relationships for each of the three countries,
and to test the ability of the following four proposed
mechanisms to explain these relationships.
The sampling artifact hypothesis
This hypothesis suggests that some grid cells are incor-
rectly marked as not being occupied by a species even
though it was present. The effect of this is that range is
underestimated (as some cells are occupied, but scored
as empty), and average abundance is overestimated (as
the number of observations – the number of occupied
grid cells – is underestimated). One way to correct for
this is to fit a model of the distribution of abundances,
and use this to infer the number of grid cells in which
a species occurs, but was not collected. A simple model
would be a Poisson distribution, however, Hanski et al.
(1993) argued that it is of little practical value as nearly
all species show an aggregated spatial distribution at
all spatial scales, and that a negative binomial distribu-
tion would be more appropriate.
For the Dutch data only, the distribution of records
per grid cell was available. From this a truncated
distribution (i.e. a distribution where the class of obser-
vations with no individuals is excluded) could be fitted
and then used to estimate the expected number of grid
cells in which the species is present, but not recorded.
Initially, two distributions were fitted by maximum
likelihood: a truncated Poisson distribution (Venables
and Ripley 1999) and a truncated negative binomial
distribution (Sampford 1955). However, these distribu-
tions did not fit well to the data, an examination of
which suggested that the number of grid cells in which
a single recording was made was larger than might be
expected. This pattern could occur if for some grid
cells, collectors were recording the presence of a species
in the grid and then not recording further occurrences
of the species. In order to account for this, we fitted a
mixture distribution consisting of a truncated Poisson
(or negative binomial) distribution augmented by an
extra term for the probability of observing a single
record. The number of observations of a single record
was therefore modelled so that a proportion is due to
the Poisson (or negative binomial) distribution and the
rest are the single records, where collectors did not
report the species after the original report.
Augmented truncated Poisson and negative binomial
distributions were fitted to the data by treating the
proportion of observations of a single record arising
from the Poisson (or negative binomial) part of the
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distribution as missing data, and then estimating this
proportion using an EM algorithm (Dempster et al.
1977). The EM algorithm works by iterating between
two steps. Firstly, the maximum likelihood estimates of
the parameters are found, given an estimate of the
number of single records from the Poisson (or negative
binomial) distribution. Then, the number of single
records from the Poisson (or negative binomial) distri-
bution is re-estimated, given the maximum likelihood
estimates of the parameters. This is continued until the
estimates converge. The corrected abundance was then
regressed against the corrected range size, using the
corrected range size as a weight (to overcome the
problem that the variance decreases with increasing
range size; see Fig. 1).
The phylogenetic non-independence hypothesis
This hypothesis predicts that there will be no abun-
dance-range size relationship once the effects of phylo-
genetic relatedness among species has been removed
(Gaston et al. 1997b). According to this hypothesis
both range size and local abundance are constrained
and determined by phylogeny, meaning that there is
less variation in abundance and range size within con-
generic species than between them (Lawton 1993). Con-
trolling for this effect by examining relationships within
each pair of taxa below a node in a bifurcating phy-
logeny (Gaston et al. 1997a) was not possible as it
requires a known phylogeny, which is not available for
species of European carabid beetles (see Maddison et
Fig. 1. The relationship
between abundance and
partial range size for carabid
species in Belgium, Denmark
and the Netherlands.
Symbols: =range edge
species, =species with a
more central distribution in
the country involved.
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al. 1999). Instead, the genus of the species was entered
into our models as a factor before range size, thereby
removing the inter-genus effect first. Individual genera
are considered to be relatively free of phylogenetic
constraints (Harvey and Pagel 1991).
The range position hypothesis
This hypothesis predicts that a positive abundance-
range size relationship can result from a species’ geo-
graphic position. If the abundance of a species declines
towards the edges of its geographic range and the
species only occupies a small proportion of the study
area in the edges of its range, then a positive relation-
ship between abundance and range size can result (Gas-
ton et al. 1997b). Here, range central and range edge
carabids were defined visually by using the European
distribution maps in Turin (2000), and from range
central-range edge classifications in the literature
(Desender 1986a, b, c, d, Turin and Den Boer 1988,
Desender and Turin 1989). A carabid species was
classified as a range edge species when its European
distribution ends within the country investigated and
when it is clear that the centre of a species’ range is
outside the country investigated (see Fig. 2 in
Hengeveld and Haeck 1982, Desender and Turin 1989).
Weighted least squares regression was used (Draper
and Smith 1998) to test the effects of both phylogeny
and range position on the abundance-range size rela-
tionships, with range size being used as a weight, as
above. Factors were entered into the analysis sequen-
tially, entering range position (central or edge) and
genus (Belgium=65 genera; Denmark=57; The
Netherlands=67) first, and then entering Grids into
the model. The Grids effect should be interpreted as the
effect of Grids after the range position and genus
effects have been taken into account. If the relationship
was caused by either of these characteristics, range size
would not be a good predictor of abundance after these
factors had been included in the model.
The resource breadth hypothesis
The resource breadth hypothesis suggests that species
having broader environmental tolerances and being
able to use a wider range of resources will have higher
local densities and be more widely distributed than
more specialised species (Brown 1984). In other words,
generalists are both widely distributed and locally
abundant, while specialists are geographically restricted
and have low average abundance (Hanski et al. 1993).
Carabid ecological specialisation is defined along a
continuum from strict specialists (species with small
niche breadths occurring in only one or two habitat
types) to generalists (species with wide niche breadths
occurring in a variety of habitat types) (Dufreˆne and
Legendre 1997). Although this definition attempts to
clarify carabid specialisation, in reality it is not that
straightforward as the term is traditionally defined
quite loosely. For instance, even though habitat affinity
is the main criterion, temperature, pH, light, soil and
other microhabitat preferences are also taken into ac-
count (Thiele 1977, J. Spence, L. Penev, K. Desender
pers. comm.). The specialisation classifications obtained
from the literature (see Table 1) are a function of a
number of characteristics, some of which were difficult
to quantify.
Furthermore, the reasoning may be circular, as the
measurement of ecological specialisation may not be
strictly independent of abundance or range size (Hanski
et al. 1993). Species found within small areas or only
rarely collected are usually regarded as specialists,
Table 1. Carabid characteristics* used in the Generalized Linear Model. For visual purposes, both body size and specialisation
were categorised (see Fig. 3), but were treated as variates in the models due to their continuous nature.
Carabid characteristic
Factors Variates
Habitat Specialisation (S–G)N–H Wings Body size
NaturalWet woodlands 0–2.9 mmMacropterous (M) Strict specialist (S)
Dimorphic (D)HumanDry woodlands 3–4.9 mm Average specialist (S-avg)
Brachypterous (B) 5–8.9 mm Average speciality (Avg)Wet many
9–16.9 mm Average generalist (G-avg)Dry many
Strict generalist (G)16.9 mmWet open
Dry open
Wet grasslands
Dry grasslands
Riparian
Bogs
Wet coastal
Dry coastal
* Data obtained from Bangsholt (1983), Lindroth (1985, 1986), Desender (1986a, b, c, d), Turin and Den Boer (1988), Turin
and Heijerman (1988), Desender and Turin (1989), Turin (2000).
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whilst widespread and abundant species are likely to be
studied more thoroughly, giving a skewed view of re-
source use by common species compared to rare ones.
Nevertheless, we are confident that for carabid beetles,
ecological specialisation is reasonably independent of
abundance and range size, for two reasons. First, cara-
bid ecological specialisation is primarily defined on the
basis of habitat affinity and other microhabitat prefer-
ences (see above), and second, both professional and
amateur collectors have been thorough in collecting
carabid beetles in western Europe.
The resource breadth hypothesis can be tested by 1)
showing that carabid generalists are more abundant
and widespread than are specialists, and by 2) showing
that carabids associated with human environments are
more abundant and widespread than those that are not
(this second test assumes that carabids found in human
environments have, on average, broader environmental
tolerances than species not typically found in human
environments).
Three other carabid characteristics were analysed to
determine if any of these contribute to the observed
abundance-range size patterns, and, in particular, to
examine their effects on ecological specialisation. These
characteristics include length of flight wings (species
with short, long or dimorphic wing forms), body size in
millimetres, and habitat association (Table 1). Habitat
association is defined as the habitat type the species
most frequently occurs in (Turin 2000). It is weakly
related to ecological specialisation because species asso-
ciated with many habitat types are likely to be general-
ists, and those associated with one or a few habitat
types are likely to be specialists (Table 1). However, a
carabid specialist (most species) can be associated with
either woodland, grassland, riparian or coastal habitat
types. By changing the order in which specialisation
and habitat association are entered into a regression
model, we can examine the extent to which each one
explains the pattern observed.
In testing the resource breadth hypothesis a general-
ized linear model (McCullagh and Nelder 1989) was
used to investigate the relationships between the cara-
bid characteristics and range size in each country. The
number of grid cells occupied by each species was
modelled as a binomial distribution, with the explana-
tory variables included via a logit link function. Be-
cause of large residual deviances (overdispersion) the
variance of each factor was compared to the residual
deviance, which approximately follows an F-distribu-
tion under the null hypothesis that the factor does not
have an effect. Spatial dependence between neighbour-
ing grid cells is ignored in this analysis, even though it
is likely to be present in this type of data (Ho¨gmander
and Møller 1995). However, the results of the signifi-
cance tests are clear enough so as to be robust to some
bias in the estimation error variation.
The full model had habitat association, human envi-
ronments and wing form as factors, and body size and
ecological specialisation as variates, with main effects
and first order interactions included. Additionally, we
regressed these five characteristics against abundance in
an attempt to unravel the effect of ecological specialisa-
tion on abundance.
Four hypotheses proposed for explaining abundance-
range size relationships could not be tested using our
atlas data, mainly because there is not enough informa-
tion available. These include the resource availability,
the habitat selection, the metapopulation dynamics and
the vital rates hypotheses. For more details on these
hypotheses, see Gaston et al. (1997b).
Results
According to the atlases, 379 carabid species were
present in Belgium, 314 in Denmark and 380 in the
Netherlands. Belgium and Denmark had 267 species in
common, Belgium and the Netherlands 330, Denmark
and the Netherlands 291, and all three countries shared
264 species. The number of species at the edge of their
distribution was similar in Belgium (92 species, 24% of
the species) and Denmark (87 species, 28%), but higher
in the Netherlands (157 species, 41%).
Carabid faunas of each of the three countries showed
significant positive abundance-range size relationships
(Table 2, Fig. 1). However, the variance in mean abun-
dance decreased with increasing range size (the relation-
ship is ‘‘heteroscedastic’’). The residuals appeared to be
normally distributed, with only an occasional outlier
(Table 2).
Even after fitting a range of different distributions to
the Dutch data, the abundance-range size relationship
was still significantly positive (Fig. 2). Indeed, the esti-
mate of the slope was robust to most of the models,
with the exception of the truncated negative binomial
distribution, although even then the slope was still
significantly positive. As making the corrections had
little effect on the magnitude of the slope, all subse-
quent analyses were performed on the uncorrected data
sets. Analyses performed on all data sets corrected with
a truncated Poisson distribution gave similar results to
those for the uncorrected data sets (it was not possible
to estimate the parameters of the other distributions
from only the mean abundance). These analyses indi-
cate that, at least for the Netherlands, the sampling
artifact hypothesis did not explain the positive abun-
dance-range size relationship.
After genus and range position were included in the
model, range size still had a significant effect on abun-
dance (Table 2), implying that the positive relationships
between mean abundance and range size does not de-
pend on the effects of phylogeny or range position.
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Table 2. Weighted* least-square regression testing the effect of carabid genera† (phylogenetic non-independence hypothesis) and
edge species (range position hypothesis) on the abundance-range size relationship. This is a model with all interactions. Grids
was included last because we wanted to test whether the other factors could cause the observed pattern, and the terms were
added sequentially.
Source of variation DF SS MS pF
Belgium††
Edge 1 46.15 46.15 66.014 0.001
Genus 64 227.70 0.0013.56 5.089
Grids 1 319.52 319.52 457.016 0.001
Edge×genus 26 11.62 0.45 0.640 0.913
Edge×grids 1 1.83 0.1071.83 2.612
0.102Genus×grids 36 33.80 0.94 1.343
Edge×genus×grids 10 2.38 0.9690.24 0.341
Residuals 239 167.10 0.70
Denmark†††
Edge 0.0091 1.02 1.02 6.909
0.003Genus 56 14.54 0.26 1.764
Grids 1 10.08 0.00110.08 68.541
Edge×genus 22 0.0964.70 0.21 1.451
Edge×grids 1 0.30 0.1530.30 2.058
Genus×grids 32 6.24 0.20 1.326 0.127
Edge×genus×grids 9 1.50 0.3400.17 1.136
Residuals 190 27.96 0.15
The Netherlands
Edge 0.0011 195.76 195.76 40.418
Genus 66 1415.56 21.45 0.0014.428
Grids 1 634.62 0.001634.62 131.027
Edge×genus 28 125.74 4.49 0.927 0.575
Edge×grids 1 16.15 16.15 3.334 0.069
Genus×grids 33 142.67 0.6404.32 0.893
0.324Edge×genus×grids 16 87.94 5.50 1.135
Residuals 233 1128.51 4.84
* the number of grids was used as a weight, with abundance the dependent variable in the analysis.
† carabid genus name was used as a factor, so all the genera are included in the analysis.
†† Bembidion femoratum was a large outlier here (with a weighted residual of ca +2.0), but when removed did not change the
results of this test by much.
††† Carabus granulatus was a large negative outlier here and did influence the results of this test. The results shown are without
this species.
Certain genera were, however, consistently more wide-
spread than others. For example, in all three countries,
species of the genus Pterostichus were twice as widely
distributed as species of the genera Bembidion or
Harpalus (Table 3). Range edge species had both
smaller range sizes and lower mean abundances com-
pared to range central species (Table 4; Fig. 1).
Generalist species were significantly more widespread
than specialists, and species associated with human
environments were significantly more widespread than
species that are not (Table 5; Figs 3 and 4), indicating
that the resource breadth hypothesis is supported by
the data. Furthermore, wing-dimorphic species were
significantly more widespread than short or long
winged species, and large-bodied carabids were signifi-
cantly more widespread than small-bodied species (Ta-
bles 5 and 6; Fig. 3). Ecological specialisation and
habitat association appeared to be independent mea-
sures because alternating the order in which these fac-
tors were entered into the models did not change the
results (Table 5).
After range size had been taken into account, special-
isation did not affect mean carabid abundance in Bel-
gium and Denmark, but it did in the Netherlands
(Table 7). However, when range size was not included
in the models, carabid generalists were significantly
more abundant than specialists (Belgium: F1,247=
29.027, p0.001; Denmark: F1,202=12.803, p0.001;
the Netherlands: F1,201= 66.158, p0.001). This is
mainly because abundance and range size are signifi-
cantly positively correlated (Table 2; Fig. 1). The main
problem here is that of causality. Are carabid beetles
more abundant locally because they are widespread or
are they widespread because they are abundant locally?
There is no simple answer to this question.
Discussion
Carabid beetles showed a significant positive relation-
ship between abundance and range size in three Eu-
ropean countries. This result adds to the evidence for a
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Fig. 2. Slope estimates and 95% confidence intervals for differ-
ent corrections of the abundance-range size distribution. All
models showed a significant positive slope, meaning that the
relationship between carabid abundance and range size re-
mained significantly positive, regardless of distribution model
used.
Table 4. Mean abundance and range size of central and range
edge species in Belgium, Denmark and the Netherlands. SE=
standard error.
Central Range edge
Country and factor Mean SE Mean SE
Belgium
0.49 0.01Abundance 0.440.01
4.0276.86Range size 25.72 2.90
Denmark
Abundance 0.37 0.003 0.36 0.01
Range size 99.30 5.13 26.47 4.10
The Netherlands
0.72Abundance 0.660.01 0.02
3.18Range size 129.91 5.96 31.45
Artifactual mechanisms were not supported
Studies of abundance-range size patterns have paid
particular attention to artifactual mechanisms (Brown
1995, Gaston and Blackburn 1996, Gaston et al. 1997a,
Blackburn and Gaston 1998, Pyron 1999). Although
sampling error can contribute to a positive abundance-
range size relationship, the relationship is not changed
when using different models to correct for this error.
Therefore, this error appears to be small in our study
(Fig. 2), and sampling error can be discarded as an
explanation for the abundance-range size patterns.
Even if we cannot definitively declare limits of the
geographic range as real, as Brown (1984) was able to
do for North American land birds, it can at least be
concluded that they are sufficiently well described so as
not to affect the general conclusions.
Gaston et al. (1997a, b) stated that the phylogenetic
relatedness of species has seldom been accounted for in
positive relationship between abundance and range size
in taxa as diverse as plants (Thompson et al. 1998),
parasites of bumblebees (Durrer and Schmid-Hempel
1995), and birds and mammals (Blackburn et al. 1997,
Poulin 1999). Of the four mechanisms tested, only the
resource breadth hypothesis was supported by our data.
However, the relationship may not have a single, uni-
versal explanation (Hanski et al. 1993, Gaston et al.
1997b).
Table 3. Mean1SE body size, range sizes and abundances of the six most specious carabid genera in Belgium, Denmark and
the Netherlands. N=number of species.
AbundanceRange sizeMean size (mm)Country and genus N
Belgium
Agonum 23 0.500.0293.6116.557.700.26
Amara 35 7.960.28 65.1711.34 0.470.01
Bembidion 59 4.330.15 58.198.34 0.500.01
101.0017.7123.911.2316 0.470.02Carabus
Harpalus 42 9.250.33 44.798.77 0.490.01
109.7016.60 0.540.0110.760.7023Pterostichus
Denmark
Agonum 22 7.760.34 89.7714.37 0.370.01
36Amara 0.370.0182.3911.837.880.28
0.360.0163.319.864.010.1449Bembidion
Carabus 13 24.021.52 90.8516.20 0.390.01
31 9.020.36 68.6816.12Harpalus 0.360.01
Pterostichus 19 10.410.75 126.1125.24 0.370.01
The Netherlands
0.670.03114.0019.767.820.2926Agonum
108.1716.027.950.28 0.680.0336Amara
58Bembidion 4.280.14 58.8610.90 0.700.02
Carabus 15 23.871.31 88.4019.58 0.820.05
0.700.0455.7011.679.030.3240Harpalus
Pterostichus 23 10.560.70 147.3025.45 0.790.04
ECOGRAPHY 26:5 (2003) 559
560
E
C
O
G
R
A
P
H
Y
26:5
(2003)
Table 5. Generalized Linear Model results of carabid range size and the five carabid characteristics selected (N–H, wing form, body size, S–G and habitat)*. Significant results (p
values) are highlighted. Specialisation and habitat association were entered in alternating order into the models to test for interdependence of these two factors.
Belgium Denmark The Netherlands
DF deviance ratio p DF deviance ratio pFactor DF deviance ratio p
2870.87N–H 80.18 0.001 1 4478.67 129.77 0.0011 4781.48 176.72 0.001 1
7.28 0.001 2 509.23 7.38 0.001521.372Wing form 20.0045.60303.25
191.95Body size 5.36 0.022 1 246.60 7.15 0.0081 236.22 8.73 0.003 1
1 4315.79 120.54 0.001 1 6808.14 197.27 0.001S–G 1 5468.07 202.09 0.001
0.62 0.812 11 1171.19 3.09 0.001243.695.28 0.001 11Habitat 11 1571.94
Habitat 577.02 1.47 0.147 11 3093.57 8.15 0.00111 3584.88 12.04 0.001 11
3982.46S–G 111.23 0.001 1 4885.76 141.57 0.0011 3455.13 127.70 0.001 1
0.46 0.925 9 93.89 0.28 0.9811 198.660.0631.84447.59N–H×habitat
0.72N–H×wing form 0.486 2 18.67 0.25 0.7812 7.59 0.14 0.869 2 56.85
3.46 0.065 1 29.52 0.78 0.378135.88N–H×body size 10.420.6517.571
0.12N–H×S–G 0 0.956 1 18.81 0.5 0.4811 30.87 1.15 0.286 1
0.41 0.979 16 198.63 0.33 0.993Habitat×wing form 19 572.44 1.12 0.336 16 256.19
0.92 0.514 10 385.33 1.02 0.428323.27Habitat×body size 90.7880.63169.6310
298.51Habitat×S–G 0.76 0.666 10 465.23 1.23 0.2749 207.71 0.86 0.566 10
0.66 0.517 2Wing form×body size 89.91 1.19 0.3062 50.95 0.95 0.39 2 51.99
0.47 0.625 2 48.42 0.64 0.52836.950.61 2Wing form×S–G 2 26.75 0.5
105.1Body size×S–G 2.68 0.104 1 46.09 1.22 0.2711 3.21 0.12 0.731 1
147Residual 5542.34 37.7190 5121.9 147 5768.78
217 20150.66 92.8621819017.08 15375.96Total 262
*Explanations and abbreviations (see also Table 1): N–H – whether the species occur in natural or human environments; wing form – three wing forms were identified,
macropterous, dimorphic, brachypterous; body size – beetles were divided into five size categories from 0–2.9 mm to 16.9 mm; S–G – ecological amplitude divided into five
categories from strict specialist to strict generalist; habitat – 12 habitat types were identified.
Fig. 3. Mean range sizes
(1SE) per carabid beetle
characteristic. Three
characteristics are shown
here; wing form
(M=macropterous,
D=dimorphic,
B=brachypterous), body size
(five classes starting at 0–2.9
mm to 16.9 mm) and
specialisation (S=strict
specialist, S-avg=average
specialist, Avg=average
speciality, G-avg=average
generalist, G=strict
generalist).
the analysis of abundance-range size relationships, but
suggested that in studies where this was done, it did not
affect the conclusions. Our results are in agreement
with this notion, as individual genera did not contribute
to the observed positive relationship between abun-
dance and range size. Our study suggests that phy-
logeny cannot explain, or does not cause the positive
relationship between abundance and range size.
The range position hypothesis suggests that a positive
abundance-range size relationship can result from the
distribution of species in relation to the area studied,
i.e. the relationships observed can be an artifact dic-
tated by political boundaries (Gaston 1990). Although
significantly positive relationships were found for the
three countries studied when edge species were excluded
from the analyses, these relationships did not differ
from those with edge species included. Therefore, the
data do not support the range position hypothesis.
In terms of European geography, Belgium, Denmark
and the Netherlands are at the edge of the continent,
and it is not always clear whether a species is at its true
distributional edge in these countries. Indeed, Black-
burn et al. (1999) argue that although it is often easy to
see approximately where a species’ range edge lies, it is
much more difficult to pinpoint the exact edge. Obvious
edge species were removed from our data, but other,
potential edge species could have been removed. How-
ever, it is unlikely that this would have changed the
results, as that would have implied that ‘‘almost edge’’
species were behaving differently from edge and central
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Fig. 4. Mean range sizes
(1SE) per carabid beetle
characteristic. Two
characteristics are shown
here; whether a species can
occur in human environments
or not (natural and human)
and habitat types (wet
woodlands, dry woodlands,
wet many, dry many, wet
open, dry open, wet
grasslands, dry grasslands,
riparian, bogs, wet coastal
and dry coastal).
species. Additional support for the rejection of the
range position hypothesis comes from another predic-
tion of the hypothesis; that the abundance-range size
relationship may tend to be lower triangular, with a
larger variance in abundance for more widespread spe-
cies, because species close to the edge of their geograph-
ical ranges may be quite widespread in the study area
but still locally rare (Gaston et al. 1997b). Our results
did not support this prediction, indeed, the variance in
carabid abundances was larger for less widespread
species.
It is also worth noting that carabid species close to
the edge of their ranges had small mean geographic
ranges and low mean local abundances. This result
lends support for the generally observed pattern of
decline in local abundances and lower patch occupancy
of species towards the edges of their geographic ranges
(Hengeveld and Haeck 1982, Lawton 1993, Gaston et
al. 1997a).
Resource breadth hypothesis is supported
According to the resource breadth hypothesis (Brown
1984), species that exploit a variety of resources are
more widespread. Our data supported this expectation
as generalist carabid species (species with wide niche
breadths occurring in a variety of habitat types) were
significantly more widespread than specialists (species
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Table 6. Estimates of the effect sizes of the significant factors per country (see Table 5). SE=standard error.
NetherlandsBelgium Denmark
Factor* Estimate SE Estimate SE Estimate SE
Constant −2.935 0.273 0.306−3.431 0.284 −3.112
H–N – human 0.330 0.110 0.199 0.110 0.1200.378
Habitat – dry woodland −0.005 0.223 0.048 0.235 0.082 0.270
Habitat – wet many 0.284 0.174 0.1960.120 0.236 0.429
Habitat – dry many −0.108 0.1750.155 0.120 0.207 0.042
Habitat – wet open −0.051 0.260 −0.038 0.303 −0.126 0.265
Habitat – dry open 0.086 0.184 0.210−0.084 0.236 −0.066
Habitat – wet grassland −0.273 0.256 −0.295 0.403 0.142 0.303
Habitat – dry grassland −0.676 0.188 0.007 0.212 −0.520 0.221
Habitat – riparian −0.141 0.169 0.1840.237 0.188 0.317
Habitat – bogs −0.459 0.4140.500 0.150 0.354 −0.336
Habitat – wet coastal −1.359 0.326 −0.001 0.222 −0.031 0.242
Habitat – dry coastal −1.781 0.932 1.080−0.075 0.369 −0.740
Wings – macropterous −0.079 0.140 0.172−0.196 0.144 0.342
Wings – dimorphic −0.011 0.165 0.076 0.166 0.639 0.193
Size 0.133 0.051 0.0540.065 0.050 0.089
S–G 0.429 0.039 0.0430.429 0.042 0.498
* Size and S–G are variates, so the effect is the regression coefficient. The factor level not mentioned is set to zero, i.e. the
constant is equal to the levels H–N 1 (i.e. natural environment), habitat 1 (i.e. wet woodland) and wings 3 (i.e. Brachypterous).
Table 7. Regression results with all factors regressed against log carabid abundance. The square root of Grids was used as a
weight. Only the main effects are shown as most first, and all higher order interactions had small effects on the main model. The
order in which the factors are entered into the model affects the analysis as most factors are correlated. Of particular interest
here are the specialisation (S–G) ANOVA results (in bold) in testing Brown’s resource breadth hypothesis (see text).
Country and factor DF pSS MS F
Belgium
Grids 1 20.664 20.664 215.797 0.001
N–H 1 0.043 0.5050.043 0.447
Habitat 11 3.128 0.284 2.969 0.002
Wing form 2 0.295 0.2160.148 1.540
Body size 1 0.7930.007 0.007 0.069
S–G 1 0.002 0.8800.002 0.023
Residual 246 23.556 0.096
Denmark
Grids 1 0.564 0.564 0.00141.381
N–H 1 0.017 0.2620.017 1.266
0.062Habitat 11 0.264 0.024 1.765
Wing form 2 0.131 0.065 4.790 0.009
Body size 11 0.057 0.0420.057 4.197
0.517S–G 1 0.006 0.006 0.421
Residual 201 2.739 0.014
The Netherlands
Grids 1 69.682 0.00169.682 173.705
0.006N–H 1 3.103 3.103 7.736
Habitat 11 20.819 1.893 4.718 0.001
Wing form 2 10.470 0.0015.235 13.050
Body size 0.0011 8.012 8.012 19.974
S–G 1 5.277 0.0015.277 13.154
Residual 200 80.230 0.401
Outlier species did not alter the results significantly.
with small niche breadths occurring in only one or two
habitat types). Some studies have shown similar pat-
terns in a range of animals including invertebrates
(Kolasa et al. 1998), fish (Pyron 1999) and mammals
(Eeley and Lawes 1999), contradicting conclusions of
others (Hanski et al. 1993, Gaston et al. 1997b, Gre-
gory and Gaston 2000). However, it is difficult to
explain why generalist species should also be locally
abundant (Gaston et al. 1997b). Intuitively, generalists
should not be locally more abundant than specialists
because this would imply that ecological specialisation
has no advantages (Hanski et al. 1993).
Our Belgian and Danish data showed little change in
mean abundance with specialisation once range size
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was taken into account, which appears to contradict
the notion that there is a tendency for specialist spe-
cies to be scarce, while generalist species have higher
local population densities (Brown 1984, Taylor et al.
1993, Quinn et al. 1997). However, the relationship
between range size and abundance was not controlled
for, and it could be that specialist species were less
numerous because they were less widespread. The
problem here is that of inferring cause from correla-
tion. Most analyses of the abundance-range size rela-
tionship have implicitly assumed that range size
‘‘causes’’ abundance (as abundance is regressed
against range size), but in reality the relationship is
probably more complicated. The two parts of the
metapopulation hypothesis explicitly provide mecha-
nisms by which abundance can affect range size, and
vice versa (see Gaston et al. 1997b).
Carabid species found in anthropogenic environ-
ments tend to have broader environmental associa-
tions than species in natural habitats (Tables 5 and
6), which provides additional support to the resource
breadth hypothesis (Gaston et al. 1997b).
To summarize, our data support the resource
breadth hypothesis. We suggest that specialisation af-
fects species range size, which in turn is related to
abundance. Since there is considerable variation in
abundance at low and intermediate range size, and
because of the interdependence of local abundance
and range size (Gaston 1990), specialisation and
abundance are not always significantly correlated,
once the effect of range size has been removed. How-
ever, abundance and range size are correlated, but it
is not always clear which is cause and which is effect.
Landscape change and the abundance-range size
relationship
Belgium, Denmark and the Netherlands have experi-
enced a significant reduction, destruction and isola-
tion of natural habitats, especially since the mid-20th
century (Hengeveld 1985, Turin and Den Boer 1988,
Desender and Turin 1989). These changes are impor-
tant from a nature conservation point of view be-
cause geographically restricted species tend to have
small local populations, making them vulnerable to
extinction (Lawton 1993, Blackburn and Gaston
1998). For instance, range size and local abundance
were more important determinants of marsupial ex-
tinction probability than differences in fecundity or
body size (Johnson 1998). Also, threatened wildfowl
species had small population and geographic range
sizes (Gaston and Blackburn 1996).
In our study, specialist carabid species outnum-
bered generalists (Belgium 139 to 72 species; Den-
mark 96 to 69; the Netherlands 94 to 70) (see also
Taylor et al. 1993), which indicates that a large num-
ber of species is potentially vulnerable to habitat al-
terations. Indeed, 142 carabid species (nearly 34% of
the species pool) are endangered in western Europe
(Denmark, Netherlands, Belgium and Luxembourg),
with a large proportion being habitat specialists, in-
tolerant of agricultural intensification (Turin and Den
Boer 1988, Desender and Turin 1989, Kotze and
O’Hara 2003). The small number of species that fa-
vour human-altered environments, on the other hand,
showed a significantly larger range size than those
that are not associated with such habitats in our
study.
Overall, habitat fragmentation will lead to range
contraction of many species (Gaston 1990), but how
this will influence local abundance is unclear. Hanski
(1991) predicted that local abundance would decrease
with increased isolation of habitat patches as a result
of lower levels of migration. Isolated habitat patches
will therefore have high extinction rates. The habitat
selection hypothesis predicts that species that have
undergone major reductions in total population abun-
dance from density-independent events, such as frag-
mentation, will both have reduced ranges and occupy
fewer habitats after the event. Examples to this effect
are found in European carabids (Desender et al.
1999, Niemela¨ 2001). For instance, Carabus nitens L.,
which was once common in Europe’s large heathland
areas, is now threatened because of fragmentation
and disappearance of this habitat type (Assmann and
Janssen 1999). Even if suitable patches are available
in some areas, the species may not be able to re-
colonise fragments that have once faced local extinc-
tion, indicating that fragmentation indeed has a
negative effect on this species.
The effects of fragmentation may be further com-
plicated by time lags between the fragmentation event
and the subsequent extinction of a species, the ‘‘ex-
tinction debt’’ (Thompson et al. 1998, Hanski 2000).
In our study, carabid species in the upper left-hand
corner of the abundance-range size relationships may
be in this situation, and be remnants of formerly
widespread species that are now patchily distributed,
due to habitat destruction, but still locally abundant.
Although many species might have experienced dra-
matic range contractions, others are increasing in
range size and local abundance. The atlases indicated
that 68 (17.9%) Belgian species, 62 (19.7%) Danish
species and 73 (19.2%) Dutch species are increasing in
either range size or number of records. Examples in-
clude Pterostichus melanarius Ill., a generalist species
increasing its range size in Europe (Turin 2000), and
in North America where it has been introduced
(Niemela¨ and Spence 1991). This and other examples
suggest that ecological flexibility favours invasion
ability, and lend further support for Brown’s (1984)
resource breadth hypothesis (Lawton 1993).
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Fig. 5. A general, theoretical relationship between abundance
and range size for carabids in northern Europe.
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Conclusions
According to the triangular relationship between abun-
dance and range size proposed by Gaston (1994, 1996)
and Eeley and Lawes (1999), maximum density in-
creases with increasing range size and, while no species
occupy a small range and have high density, widespread
species may occur at either a high or low density. This
relationship is somewhat surprising as one would expect
at least some habitat specialists to be geographically
restricted, but locally abundant (Rabinowitz et al. 1986,
Hanski et al. 1993). Indeed, for the perennial herba-
ceous flora of central England, Thompson et al. (1998)
showed that widespread species are almost always
abundant where they occur whilst more restricted spe-
cies showed considerable variation in local abundance.
Our carabid data also show this pattern.
Finally, in our data widespread species are usually
larger, habitat generalists and are associated with hu-
man-modified habitats. Restricted and intermediately
distributed species, on the other hand, are smaller in
size, more specialised, and are mainly found in natural
environments. These conclusions can be summarized in
a chart (Fig. 5).
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